Introduction
Extracts of Rauwolfia plants have been used to treat several diseases. The pharmaceutical properties of these alkaloids are mainly due to indole alkaloids, which have been extensively used as active ingredients in pharmaceutical preparations. 1 Two major classes of alkaloids can be identified in such plants: reserpine-like and yohimbine-like indole alkaloids. 2 Reserpine and rescinnamine are the two principal components of the reserpine class, and are known to have potent transquilizer, sedative and antihypertensive actions. 3 Yohimbine and its stereoisomers have important selective α-adrenergic blocker properties, and have been employed for the treatment of male impotency and arteriosclerosis. This has prompted many researchers to develop sensitive and accurate methods for the determination of these alkaloids in pure and pharmaceutical formulations.
The techniques used for the determination of these alkaloids include high performance liquid chromatography, 4,5 gas chromatography, 6 voltammetry, 7 polarography, 8 roomtemperature phosphometry 9 and spectrofluorometry.
10,11
The spectrophotometric technique is generally preferred for routine analytical work because of its simplicity and reasonable sensitivity. Many spectrophotometric methods have been described for the assay of these alkaloids, some of which are either time bound, involve extraction 12 or less sensitive. 13, 14 Unlike the spectrofluorometer as well as gas chromatographic and HPLC procedures, the instrument is simple and inexpensive. The importance lies in the chemical reaction upon which the procedure is based, rather than upon the sophistication of the instrument.
This aspect of spectrophotometric analysis is of major interest in analytical pharmacy, since it offers a distinct possibility in the assay of particular components in complex dosage formulations.
In the present paper we report on a simple, reasonably sensitive and economically viable spectrophotometric method for the determination of Rauwolfia alkaloids (ajmaline, ajmalicine, reserpine, and yohimbine·HCl). The method is based on the oxidation of alkaloids with iron(III) in an acidic medium and subsequent complexation of iron(II) with 1,10-phenanthroline, forming a red-colored complex (λmax 510 nm). The method has also been tried for estimating reserpine in pharmaceutical formulations.
Experimental

Apparatus
A thermostatically controlled water bath and Elico UV-VIS Spectrophotometer SL 164 were used for heating and absorbance measurements, respectively.
Reagents and samples
Ajmaline, ajmalicine, reserpine (Himedia, India) and yohimbine HCl (S. D. Fine, India) were used. All other reagents were of analytical or pharmaceutical grade, and double-distilled water was used.
Stock solutions of pure alkaloids were prepared by dissolving exactly 100 mg of each in about 10 ml of ethanol, and diluted to the volume with double-distilled water in a 100 ml standard flask.
Working solutions were prepared by appropriate dilutions of stock solutions and kept in well-closed containers, protected from light. Further, 0.025 M iron(III) chloride in 0.5 M HCl and 0.05 M solution of 1,10-phenanthroline in ethanol were prepared.
Procedure
Aliquots of standard solutions of each alkaloid were transferred into a series of 10 ml standard flasks. To each of these were added 1 ml of FeCl3 solution and 1 ml of a 1,10-phenanthroline solution and diluted to the mark with water. The flask was placed in a water bath maintained at 70 ± 2˚C for 30 min. The absorbance of the red-colored products was measured at 510 nm against a reagent blank.
Analysis of pharmaceutical formulations
For an assay of the dosage forms, 20 tablets were mixed, crushed and carefully weighed.
A quantity of powder equivalent to 2 mg of drug was accurately weighed and dissolved (as described above) and filtered. The filtrate was made up to 20 ml with distilled water and a suitable amount of aliquots were treated as described above for a pure sample.
In the BP method, 15 aliquots of the above-mentioned solution were transferred into a series of 10 ml standard flasks. To each of these was added 1 ml of freshly prepared 0.3% w/v solution of sodium nitrite, then mixed and heated in a water bath at 55˚C for 30 min. After cooling, 0.5 ml of a freshly prepared solution of sulfamic acid (5% w/v) was added and diluted up to the mark with ethanol. The absorbance of the solution was measured at 399 nm against a reagent blank.
Results and Discussion
Ajmaline, ajmalicine, reserpine and yohimbine·HCl are oxidized by iron(III) chloride in the acidic medium and produce iron(II). The iron(II) reacts with 1,10-phenanthroline and produces orange-red tris-1,10-phenanthrolineiron(II) ion (ferroin) having the absorption maximum at 510 nm, as shown in Fig. 1 . The mechanism involved in the oxidation of Rauwolfia alkaloids (reserpine) with iron(III) chloride is probably similar to its oxidation with cerium(IV) sulfate, 10 and may be illustrated as shown in Scheme l.
Effect of variables
The reaction conditions were established by varying one parameter at a time and keeping the others constant. The effect of the concentration of iron(III) chloride and 1,10-phenanthroline on the absorbance, while keeping a fixed concentration of yohimbine·HCl, was investigated.
A maximum and constant absorbance was found with a 2.5 × 10 -3 M concentration of FeCl3 and a 5.0 × 10 -3 M concentration of 1,10-phenanthroline, which were therefore adopted as being optimal.
The color reaction for yohimbine·HCl occurred even at room temperature (30˚C), though at higher temperature the color developed more rapidly (Fig. 2) . The maximum absorbance was observed after 30 min of heating at 70 ± 2˚C. A temperature of 70 ± 2˚C and a reaction time of 30 min were selected for reproducible results. The effect of the studied parameters on the color development for ajmalicine, ajmaline and reserpine resembled those for yohimbine·HCl.
Analytical features
The Beer's law limits and the molar absorptivity values were evaluated. A regression analysis of Beer's law plots revealed a good correlation.
Graphs of the absorbance versus the concentration showed a zero intercept, and are described by the regression equation Y = a + bX, where Y is the absorbance of a 1 cm layer, b is the slope, a is the intercept and X is the concentration of alkaloid in µg ml -1 obtained by the least squares method. The results are summarized in Table 1 . The minimum molar absorptivity in the case of reserpine seems to be due to the maximum steric hindrance effect and absence of -OH group(s), while the maximum molar absorptivity in the case of ajmaline seemed to be due to the minimum steric hindrance effect and two -OH group(s). Ajmaline is a carbinolamine with nitrogen at a bridgehead and therefore, undergoes reactions of an amine and aldehyde. 16 The presence of -OH group(s) probably further facilitates the oxidation of ajmaline and yohimbine·HCl, as evidenced from their higher molar-absorptivity values. A slightly higher molar absorptivity of ajmalicine than reserpine may be due to a lesser steric hindrance effect in ajmalicine. The low relative standard deviation values for the analysis of six replicates of the alkaloids under investigation indicate a good precision and accuracy of the proposed method.
Interference studies
In order to assess the possible analytical applications of the proposed method, the effect of some substances that often accompany reserpine in various pharmaceutical formulations were studied by adding different amounts of substances to 10 µg ml -1 of reserpine. The color was developed following a procedure described earlier. A substance was considered to interfere with the determination if the obtained absorbance values differed by more than ±2% from that for the drug alone. It was observed that talc, glucose, starch, lactose, dextrose did not interfere with the determination at the levels found in the dosage forms. The proposed method is free from interferences by the investigated substances. 15 The results of an analysis in tablets were compared statistically by the student t-test and by the variance F-test with those obtained by the official method. The student t-values at the 95% confidence level did not exceed the theoretical values, indicating that there was no significant difference between the proposed and official methods. It was also noticed that the variance ratio F-values calculated for p = 0.5 did not exceed the theoretical values, indicating that there was no significant difference between the precision of the proposed and official methods. The results are given in Table 2 . 
Statistical analysis of the results compared with the official method
